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(54) Isolation and sequencing of the hazel FAd2-N gene 

(57) The invention relates to the isolation from hazel 
(Corylus ave//ana L) of the FAD2-N gene coding for the 
A12 desaturase enzyme of the microsomal fraction and, 
in particular, provides the nucleotide sequence and the 
deduced amino-acid sequence of the gene and pro- 
vides for its use as a probe for the isolation of other plant 
desaturases. It also relates to the use of this gene for 
altering the desaturase levels and consequently the 
fatty-acid composition of the plant. 
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Description 

The present invention relates to the isolation from hazel {Corylus avellana L) of the FAD2-N gene which codes for 
the A12 desaturase enzyme of the microsomal fraction. 

5 More particularly, the invention relates to the nucleotide sequence, to the derived amino-acid sequence of the gene, 
and to its use as a probe for the isolation of other plant desaturases. It also relates to the use of this gene for altering 
the desaturase levels, and consequently the fatty-acid composition of the plant. 

Alteration of the fatty-acid composition may have various applications in the industrial field. One of the greatest 
problems with hazelnuts is that they become rancid by oxidation. This is due to the auto-oxidation of unsaturated lipids 

10 with the consequent formation of volatile substances with a rancid odour which cannot easily be eliminated by the usual 
preservation systems. Amongst the possible strategies for reducing the tendency to become rancid, the best seems to 
be that of reducing the degree of unsaturation of the fatty acids present in the kernel oil. since susceptibility to auto- 
oxidation is positively correlated with this parameter. In fact, the rate of peroxide formation is correlated with the number 
of C=C double bonds in the fatty acids. The rate of auto-oxidation of the fatty acids in comparison with the oleate (1 8:1) 

15 is about 30 times greater in the linoleate (18:2) and 80 times greater in the linolenate (18:3). Moreover, the volatile sub- 
stances resulting from the degradation of the linoleate and of the linolenate have a lower threshold of perception than 
those derived from the oleate. A reduction in linoleic acid should reduce the availability of substrates for lipoxygenase, 
reduce the loss of vitamin E during preservation, and reduce the production of volatile substances such as hexanals. 
In the angiosperms, most of the synthesis of polyunsaturated lipids takes place by means of a single enzyme, that 

20 is. A12 (or 006) desaturase (18:1 desaturase), of the endoplasmic reticulum, although there is an 18:1 chloroplast desat- 
urase in the leaves of some plants. Moreover, this enzyme is responsible for more than 90% of the synthesis of polyun- 
saturated fatty acids in non-photosynthetic tissues such as. fa example, in the kernels. The conversion of oleic acid 
(18:1) to linoleic acid (18:2) thus takes place by means of A12 desaturase, and from linoleic acid to linolenic acid (18:3) 
by means of A1 5 (or o>3) desaturase. 

25 It has been shown with mutants of Arabidopsis that the FAD2 locus contains a gene which codes for the oleate 
desaturase enzyme of the endoplasmic reticulum (Okuley et al. 1994, The Plant Cell 6, 147-158). The FAD2 gene was 
in fact able to complement mutants of Acabidopsis which were deficient in desaturase activity of the endoplasmic retic- 
ulum. The gene coding for the same enzyme in soya has also recently been isolated and sequenced (Heppard et al, 
1995, Plant Physiol., in press). 

30 A reduction in the A12 desaturase levels should therefore lead to a reduction in the linoleic acid content and, as a 
secondary effect, probably also to a reduction in linolenic acid. In hazelnuts the percentage of linoleic acid varies from 
5 to 1 5%; the percentage of linolenic acid is from 0.1 to 0.2%. A reduction in these fatty acids should therefore be useful 
in the preservation of hazelnuts. There is therefore clearly a need to isolate the gene which codes for the A12 desatu- 
rase of the endoplasmic reticulum. The sequence of the gene could thus be used for gene inactivation in hazelnut ker- 

35 nels. This inactivation could be carried out either by the antisense technique (Smith et al. (1 988) Nature 334, 724-726) 
or by the "transwrtch" technique (Ravel! (1994) Proc. Natl. Acad. Sci. USA 91 . 3490-3496). In the antisense technique, 
the hazel would have to be transformed by the entire FAD2-N gene or by portions thereof, inserted in the opposite direc- 
tion to the regulating sequences. In the "transwrtch" technique, the hazel would have to be transformed by an identical 
copy of the FAD2-N gene. 

40 The subjects of the present invention are defined by the following claims. 

Embodiments of the present invention will now be described with reference to the following drawings, in which: 

Figure 1 shows the restriction map of the N2 genome clone, 

45 Figure 2 shows the nucleotide sequence of the hazel FAD2-N gene: the amino-acid sequence of the coding portion 
is also shown; 

Rgure 3 shows the nucleotide sequence of the T clone of cDNA, 

so Figure 4 shows a comparison between the nucleotide sequences of the T and ,, N2 H clones, 

Rgure 5 shows a comparison between the amino-acids of the "N2" gene and A1 2 desaturases of Arabidopsis and 
of soya. 

55 Figure 6 shows the homology between hazel A1 2 desaturase and various desaturases of other plants both plastid 
and of the endoplasmic reticulum. 

Figure 7 shows the expression of the N2 gene in various varieties of hazel both in the leaves and in the kernels. 
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Isolation and cloning of the FAD2 gene of Arabidoosis thaliana far use as a probe 

In order to isolate the gene which codes for hazel A1 2 desaturase enzyme, it was necessary to use the FAD2 gene 
of Arabidopsis as a probe. 

5 In order to isolate the Arabidopsis gene, two oligonucleotides were used as "primers" far the amplification of the 
sequences included between the start and the end of the gene. Trie oligonucleotides used were NOCC1 (CTGAATTC- 
CAGGTGGAAGAATGCC) which contains the Eco Rl restriction site and the sequences corresponding to the portion 
between bases 100 and 1 16 of the gene (Okuley J. et al, 1994, The Plant Cell 6, 147-158) and NOCC4 (AGGAATTC- 
GACAATTTCTTCACCATCATGC) which contains the restriction site of the Eco Rl enzyme and the sequences comple- 

10 mentary to the portion between base 1245 and base 1266. The amplification reaction was as follows: 12.8jil 1-feO. 2.5\i\ 
10 x PCR buffer (PerWn Elmer), 2.5\l\ Arabidopsis genome DNA(10 ng/l), 1jil dNTP, each 2.5mM, 2uJ 25mM MgCfe. 1jil 
NOCC1 oligonucleotide (50ng/jil), 1^1 NOCC4 oligonucleotide (SOng/jil) 0.2jil Taq I DMA polymerase (Perkin Elmer) 
(5U/|il). The mixture thus prepared was subjected to 1 denaturing cycle for 1 minute at 94°C and to 40 cycles composed 
as follows: 30 seconds at 94°C, 1 minute at 52°C, 2 minutes at 72°C. The amplification products were separated on 1 % 

is agarose gel in TAE buffer (0.04M Tris-acetate, 0.002M EDTA) and stained with ethidium bromide at a concentration of 
0.5ftg/ml. The portion of gel containing the fragment of the expected length was withdrawn. In order to extract the DNA, 
10uJ of Qiaex resin (Qiaex extraction kit, firm Qiagen) were added for each 200mg of gel. The supplier's method was 
then followed. The DNA was then supplemented with a tenth of a volume of 10XH buffer (Boehringer) and 20 units of 
Eco Rl enzyme (Boehringer). After incubation overnight at 37 e C, the DNA was precipitated with 0.1 volumes of 5M 

20 NH 4 OAc and one volume of isopropanoJ. After 10 minutes at ambient temperature, the DNA was centrifuged for 20 min- 
utes at 14000 rpm and the precipitate was washed with 70% ethanol. The DNA was resuspended in 15jil of H 2 0. The 
concentration was determined on gel by comparison with a known standard. 

The amplified fragment was inserted in the pUCl8 vector. A ligation mixture was prepared as follows: 1*il pUCl8 
plasmid DNA cut with Eco Rl (20ng), 1.5^1 fragment amplified with NOCC1 and 4 (25ng), 1jil 10X ligase buffer (Boe- 

25 hringer), IpJ T4 DNA ligase (1 UAil) (Boehringer), 4.5jil H 2 0. The reaction mixture was incubated at 14°C for 12 hours. 
In order to prepare competent cells, the method based on the compound hexamino-cobaft chloride was used 
(Maniatis. Molecular cloning, 1989, Cold Spring Harbor Laboratory Press, 1.76-1.81). 10jil of the ligation mixture were 
added to each aliquot of competent cells, defrosted on ice. After the cells had been incubated on ice for 30 minutes they 
were subjected to thermal shock at 42°C for 90 seconds and were then replaced in ice for 60 seconds. After the addition 

30 of 0.5 ml of SOC broth (2% Bactotryptone, 0.5% yeast extract, 10mM NaCI, 2.5mM KCl, 10mM MgCI 2 , 20mM glucose, 
pH7), the cells were incubated at 37°C with stirring for 90'. 100, 200 and 300 |xl aliquots were spread on plates contain- 
ing solid LB broth (1 Ogr/l NaCI, IOgr/1 Bactotryptone, 5gr/l yeast extract, pH7.5, 1 5gr/l agar) with the addition of 50|ig/ml 
of ampicillin and in the presence of 1PTG and X-Gal. The plates were then incubated at 37°C overnight. 

Some of the bacterial colonies obtained were first analyzed for their plasmid content by a quick method (Maniatis, 

35 Molecular cloning, 1989, Cold Spring Harbor Laboratory Press, 1.32). The colonies containing a plasmid of the 
expected length were grown and their plasmid DNA extracted (Maniatis, Molecular cloning, 1989, Cold Spring Harbor 
Laboratory Press, 1 .33). Those containing a fragment of the expected length (1 160 bp) were identified by digestion of 
the plasmid DNA with Eco Rl. Trie E1 colony was selected. 

One end of the insert of the E1 colony was sequenced. The plasmid DNA of the E1 clone was denatured and par- 

40 tially sequenced by Sanger's method using the enzyme Sequenase and 35 S-dATP (Amersham). The sequencing prod- 
ucts were separated on 8% acrytamide, 8M urea, 1XTBE gel. After electrophoresis, the gel was dried and exposed 
overnight in contact with an autoradiographic plate (p max, Amersham). The sequence was compared with that pub- 
lished and was identical, identifying the Arabidopsis FAD2 gene in the cloned fragment. 

45 Extraction of nucleic acids from hazel 

Hazelnuts of the Nocchione, Montebello and San Giovanni varieties were harvested when almost fully ripe. Trie 
kernel was skinned before being used or frozen in liquid nitrogen. The leaves were harvested at a young stage and fro- 
zen in liquid nitrogen. 3 ml of extraction buffer were used for each gram of vegetable material with the use of the method 

so described by Verwoerd et al. (Nucl. Ac. Res., 1989, 2362). Upon completion of the extraction, two selective precipita- 
tions were carried out by the addition of NaCI 2M, and 2 volumes of 95% ethanol to eliminate polysaccharides. The final 
pellet was resuspended in H 2 0. Further centrifuging was then carried out to eliminate any non-resuspended material. 

On the other hand, DNA was extracted from young leaves of the Nocchione and Montebello varieties. The vegeta- 
ble tissue was pulverized in liquid nitrogen and the DNA extracted by the CTAB (REF) method. To eliminate the polysac- 

55 charides, NaCI 2M and 2 volumes of 95% ethanol were added. The samples were incubated for 15' at -80°C and 
centrifuged for 15' at 4°C and 14000 rmp (Eppendorf). This selective precipitation was repeated twice and the final pel- 
let was resuspended in H 2 0. Further centrifuging was then carried out to eliminate any non-resuspended material. 
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Checking of the probe on hazel DNA and RNA 

About 20jig of DNA of the Montebello and Nocchione varieties was cut with Eco Rl restriction enzyme in a volume 
of 300 |il in the presence of 400 units of enzyme and H buffer (Promega), with incubation for one night at 37°C. After 

5 digestion had been checked by gel electrophoresis of one twentieth of the reaction mixture, the samples were precipi- 
tated with ethanol and resuspended in 30\i\ of H 2 0. The DNA was then subjected to electrophoresis on 0.7% agarose 
gel and transferred by capillarity onto nylon membrane (Southern blot) for one night in the presence of 20 x SSC (3M 
NaCI, 0.3M Na citrate). The membrane was dried in air for 30' and then fixed by UV treatment (120,000 pJ/cm 2 ). 
The Arabidopsis A12 desaturase gene was used as a probe. For this purpose, the plasmid DNA of the E1 clone 

to (5|ig) was cut with 20 units of Eco Rl in the presence of H buffer (Boehringer) in a volume of 30pJ for 12 hours at 37°C. 
The insert of the clone was separated from the vector by electrophoresis on 1% agarose gel and extracted from the gel 
with the use of Qiaex resin in accordance with the suppliers' instructions (Qiagen). The DNA was denatured for 10* at 
100°C ( cooled rapidly in dry ice. and marked by the random priming method with the use of 6000 Ci/mmol (a? 2 )? dATP 
and the reagents of Boehringer's marking kit 

75 The nylon membrane containing the hazel DNA was prehybridized for 1.5 hours at 55°C in standard buffer (5 x 
SSC, 0.1% (w/v) N-laurylsarcosine, 0.02% SDS, 1% blocking reagent solution) (10% blocking reagent solution: 10gr 
Boehringer blocking reagent in 1 50mM NaCI, 1 0OmM maleic acid, pH7.5). The membrane was then hybridized with the 
Arabidopsis probe for one night at 55°C. The non-hybridized probe was washed twice fa 1 5' in 2 x SSC, 0.1% SDS and 
twice for 1 5* each in 0.3 x SSC, 0. 1 % SDS, always at a temperature of 55°C. The probe remained coupled to the homol- 

20 ogous sequences on the membrane was detected by autoradiography. 

The RNA extracted from the young leaves of the Montebello and Nocchione varieties and from the kernels of the 
San Giovanni variety was separated on denaturing gel in the presence of formamide and transferred to nylon mem- 
brane by Northern blotting (Maniatis, Molecular cloning, 1989, Cold Spring Harbor Laboratory Press, 7.43-7.45). 
40jig/sample of total RNA extracted from San Giovanni kernels, Nocchione leaves and Montebello leaves were used. 

25 60 pg of probe were used as a positive control. The RNA was loaded onto a 1% agarose gel in the presence of formal- 
dehyde. The samples were then subjected to electrophoresis for 3 hours at 80 volts in the presence of IxMOPS. The 
gel was rinsed in H 2 0 and then stained with ethidium bromide 0.5 fig/ml to display the RNA. The RNA was then trans- 
ferred onto a nylon membrane (Boehringer) by "capillary blotting" in the presence of 20 x SSC throughout the night at 
4°C. After transfer, the membrane was dried on 3 MM paper and then fixed by crosslinWng using UV light (Stratagene 

30 UV Stratalinker 1 20000 pJ/cm 2 ). The RNA was hybridised with the Arabidopsis A1 2 desaturase probe as described for 
the DNA. Detection was carried out by autoradiography. The heterologous Arabidopsis probe was able to display a 
band with a molecular weight of about 1500 bp in the hazel RNA and 3 bands of about 18, 8 and 2.8 kb in the hazel 
DNA cut with Eco RL 

35 Construction of a gene library of cPNA 

The gene library of cDNA was constructed from RNA from kernels harvested when almost fully ripe and taken from 
plants of the San Giovanni variety. For this purpose, the Poly(A)+mRNA was isolated from the total RNA with the use 
of the Poly(A)Tract mRNA Isolation System II, in accordance with the method provided by the firm Promega. The sam- 

40 pies were eluted in H 2 0 and precipitated with 0. 1 volumes of 3M NaOAc and 3 volumes of 95% ethanol. After one night 
at -80°C, the RNA was centrrfuged for 15' at 14000 rpm (Eppendorf), the pellet was rinsed in 75% ethanol and resus- 
pended in 10uJ of H 2 0. The concentration was read with a spectrophotometer and the yield was 3.2jig of 
Poly(A)+mRNA per mg of total RNA. 

The messenger RNA polyadenilate derived from kernels of the San Giovanni variety was used as a template for the 

45 synthesis of complementary DNA (cDNA) with the use of Boehringer's "cDNA synthesis kit" in accordance with the 
method recommended by the suppliers. An extraction was then carried out with one volume of phenol ichloroform: iso- 
amyl alcohol (2524:1). The cDNA was then purified in a Pharmacia column (cDNA spun columns) after the addition of 
NaC1 100 mM. The buffer used was the following: 10mM Tris-HCI pH 7.5, 1mM EDTA, 150mM NaCI. Eco Rl "adaptors" 
(Pharmacia) were added to the ends of the cDNA. The reaction mixture contained: 5pJ of cDNA (half of the cDNA 

so obtained from 6ng of Poly(A)+RNA), 10pJ of ligase buffer 10 x (Promega), 10pJ of Eco Rl adaptors (O.OIu/uJ). 6 units of 
T4 DNA ligase (Promega), in a final volume of 100^1. After incubation for 12 hours at 12°C, the ligase enzyme was inac- 
tivated for 10' at 65°C. Phosphorylation of the adaptors then followed by the addition, to the 100jil mixture, of 10^1 of 
100mM ATP and 10 units of T4 polynucleotide kinase. After incubation at 37°C for 30', the enzyme was inactivated by 
incubation for 10' at 65°C. Purification was then carried out with one volume of phenol :chloroform:isoamyl alcohol 

55 (25:24:1). The cDNA was then purified from fragments of less than 400 bp as follows. After the addition of NaCI to a 
final concentration of 0. 1 M NaCI, the cDNA was separated by chromatography in a column with Sepharose CL-4B resin 
(Size prep 400 spun column, Pharmacia) according to the method suggested by the suppliers. The fragments of cDNA 
shorter than 400 bases were thus excluded. The cDNA was precipitated with one thirtieth of a volume of 3M NaOAc 
and 2 volumes of 95% ethanol, cerrtrifuged and resuspended in 10^1 of H 2 0. 
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The cDNA was inserted in the X phage vector Zap II cut with Eco Rl and dephosphorylated (Stratagene) in the fol- 
lowing manner: 2jil of cDNA (200 ng), of x Zap II cut with Eco Rl (1|ig4U) (Stratagene), 0.5fii of T4 DNA Ugase 
(4Uy|jJ) (Promega). 0.5pJ of 10 x ligation buffer (Promega), 1jtl of H2O. The reaction mixture was incubated for 14 hours 
at 12°C. The mixture containing the cDNA inserted in the vector was used for the reconstruction of the phages with the 

5 use of Stratagene^ Gigapack Gold "in vitro packaging" kit. The gene library of phages thus obtained was constituted 
by about 300,000 pfu (plaque-forming units). In order to amplify the gene library, XL1 Blue MRP cells were prepared as 
described by Stratagene and used the same day. The gene libraries were plated at a concentration of about 5000 pfu 
per plate (95 cm 2 ). After growth, the phages were resuspended in SM (5.8gr/l NaCI, 2gr/l MgS0 4 .7H 2 0. 50rrd/l 1M Tris 
HCI (pH 7.5), 5m!/l 2% gelatine) and, after the addition of chloroform to 5% and incubation for 15 minutes at ambient 

10 temperature, the cell debris was centrifuged for 1 0 minutes at 2000 x g. Chloroform to 0.3% was added to the superna- 
tant liquid and the phages were preserved at 4°C. Aliquots were preserved at -70°C after the addition of DMSO to 7%. 
The gene library was titled. 

Construction of a partial genome gene library 

15 

The DNA of the Nocchione variety was digested with Eco Rl restriction enzyme and separated on agarose gel. The 
fragments with lengths of up to 10000 bp (base pairs) were isolated from the gel with the use of Qiaex resin according 
to the Qiagen's method. For cloning in the X vector Zap II, 400ng of DNA fragments were incubated with 1jtg of 
desphosphorylated X Zap II (Stratagene) in the presence of ligase buffer and 1 .5 units of T4 DNA ligase (Promega) for 
20 12hoursat14°C. 

Strategene's Gigapack Gold "in vitro packaging" kit was used in accordance with the suppliers' instructions to make 
up the gene library. The gene library of phages thus produced was amplified as described for the cDNA gene library. 
The complexity of the gene library was 1 ,500,000 clones. This gene library was also amplified. 

25 Screening of the cDNA gene library 

About 250,000 phages of the cDNA gene library were plated on LB broth in the presence of XL1 Blue MRP cells, 
divided into 12 plates each containing 20,000 pfu. After growth, the phages were transferred onto nylon membranes 
and their denatured DNA was fixed on the membranes as described by Boehringer for screening with non-radioactive 

30 probes. The membranes were then hybridized with the Arabidopsis A1 2 desaturase gene. The probe was prepared by 
the isolation of the insert containing the entire coding region of the gene from the plasmid. The insert was then marked 
with digoxigenin-dUTP with the use of Boehringer's "DNA labelling kit". Prehybridization was carried out in standard 
buffer (Boehringer) and hybridization was carried out in the same buffer with the addition of the Arabidopsis probe at a 
concentration of 10ng/ml and at a temperature of 55°C. 

35 After washing twice in 2xSSC, 0.1% SDS for 5 minutes at ambient temperature and washing twice in 0.3xSSC, 
0. 1%SDS at 55°C, detection was carried out with the use of an anti-digoxigenin antibody conjugated with alkaline phos- 
phatase (Boehringer) and a chemiluminescent substrate (AMPPD, Boehringer). 

1 1 positive phage plaques were identified. These were isolated, the phages resuspended in SM and titled. From 50 
to 200 phages were plated for each positive plaque. The plaques were transferred onto nylon membranes and sub- 

40 jected to a second hybridization with the Arabidopsis A12 desaturase probe, as already described above. The following 
clones which could hybridize with the Acabidopsis A1 2 desaturase gene were obtained from the second screening: I, 
F,4. 

Screening of the genome gene library 

45 

The gene library of Nocchione DNA was subjected to screening in the same way as the cDNA gene library. 
1,600,000 phages were plated, divided into 40 plates. After growth, they were transferred to nylon membranes as 
described for the cDNA gene library. The membranes were then hybridized with the Arabidopsis A12 desaturase gene 
as described for the cDNA gene library. Autoradiography of the membranes showed 9 positive plaques. These plaques 
so were isolated, titled and subjected to a second screening. 6 plaques were re-confirmed as positive. 4 of these gave a 
very strong signal. 

Analysis pf the flgnss iSQlfltefl 

55 The following positive phage clones were converted into plasmids by in vivo excision in accordance with the 
method suggested by Stratagene (Gigapack Gold in vitro packaging) : I, F, 4 (cDNA gene library), N2, N11, N17, N18, 
N21, N25 (genome gene library). 

The plasmid DNA of the clones of the cDNA gene library was isolated and the length of the insert analyzed by 
digestion with Eco Rl. The plasmid DNA of the genome clones was isolated, the length of the insert analyzed by cutting 



5 



EP0 794 250A1 



with restriction enzyme, and the clones rechecked by hybridization with the Arabidopsis probe. Figure 1 shows the map 
of the N2 genome done. 

Sequencing 

5 

The N2 clone was selected from the genome clones. For sequencing, the insert was fragmented with Sau3A 
restriction enzyme and the fragments obtained were subcloned in pUC18 vector cut with Bam HI (Maniatis, Molecular 
cloning, 1 989, Cold Spring Harbor Laboratory Press, 1 .68-1 .69). The clones obtained were analyzed both for the length 
of the insert and by hybridization with the Arabidopsis probe. Since the N2 insert was 2.8 kb and hence longer than the 

w A12 desaturase gene, the hybridization excluded the clones containing sequences outside the gene. The insert of the 
I, F, 4 and N2 clones was isolated and sequenced with the use of the Sequenase kit and (35S)dATP. All of the clones 
(cDNA and genome) were first sequenced at the ends with the use of primers which could couple with the vector in both 
orientations. In order to complete the internal regions and to assemble the fragments of the N2 genome clone, internal 
oligonucleotides were then designed and synthesized and were used for the sequencing. The following table shows the 

is sequences of the internal oligonucleotides: 



20 
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OLIGONUCLEOTIDE 


SEQUENCE 


N2-3SS 


CAG ACC AGC ATC CGA GAC 


N2-3SD 


GGA TTG GCT TAG GGG GGC 


N2-29FTS 


GCC AAC CAT GTC ATC AAC CC 


NOCCS 


ATG GTA GAG AAG AGA TGG TG 


COL 


CTG GTG GGT TGT TGA AG 


N2-S1N 


GGA GAG GTC ATA AAC AAC 



The I and F clones were sequenced entirely. As far as the N2 clone is concerned, only the regions corresponding 
to the gene were sequenced. Figures 2 and 3 show their sequence. The I and F cDNA clones were identical. A com- 
parison between I and the N2 genome clone showed the same sequence (Fig. 4), indicating that N2 contains the gene 
which codes for the cDNA of the I clone. 

35 

Comparison between the gene isolated and other desaturases 

The nucleotide and amino-acid sequence of the N2 clone was compared with other desaturases (Figure 6). The 
greatest homology was with the two A12 desaturases of the endoplasmic reticulum and with a hydroxylase of ricin 
40 which uses the same substrate as A1 2 desaturase. Homology with the plastid A1 2 desaturases and with both the plas- 
tid and endoplasmic reticulum A1 5 desaturases was, however, much lower. Figure 5 shows the comparison between 
the amino-acid sequence of hazel A1 2 and those of Arabidopsis and soya. 

Checking of the expression of the hazel A12 desaturase gene 

45 

RNA was extracted from kernels of the San Giovanni, Montebello and Nocchione varieties and from leaves of the 
Morrtebello and Nocchione varieties. After separation on agarose gel, the RNA was transferred onto a nylon membrane 
and hybridized with the insert of the I clone marked with digoxigenin. The result is shown in Figure 7, in which a band 
is visible in the kernel RNA but not in that of the leaves. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: SOREMARTEC S.A. 

(B) STREET: Dreve de 1 'Arc-en-Ciel 102 

(C) CITY: Arlon-Schoppach 
10 (E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP): 6700 

(ii) TITLE OF INVENTION: Isolation and sequencing of the 
hazel FAD2-N 



15 



40 



45 



gene 

(iii) NUMBER OF SEQUENCES: 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
20 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(EPO) 

25 (vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: CH 0550/96 

(B) FILING DATE: 04-MAR-1996 

(2) INFORMATION FOR SEQ ID NO: 1: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1662 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana cv. Nocchione 
(F) TISSUE TYPE: leaves 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: N2 

(ix) FEATURE: 
so (A) NAME/KEY: CDS 

(B) LOCATION: 222. .1370 

(D) OTHER INFORMATION :/product= "delta-12 desaturase" 
/gene= " w Fad2"" 

55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCTCATAAAA AAGTAAGCTC ATTTACCTCA AGTAGGGTTT CCTTATGACA AATGAGTCCC 
5 60 

GCAATCCTTT TCTATGAGGT GCTATAATTG CAAATGTCCA AATCATAGGG ATATGGATCC 
120 

AAATACTATT AATATTATGT AGTGTGTTTT TTTTTTTCCC TCAAATTTAC TCTCACACCT 
10 180 

AAGTTGATTT TCTCCAGCAT TGGACATAGC CTCTGTAGAC A ATG GGA GCT AGA 
233 

Met Gly Ala Arg 

1 

AGC CGA ATG CCT GCT ACC AAC AAG CCT AAA GAG CAA AAA ACA CCC ATC 
281 

Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin Lys Thr Pro lie 
20 5 10 15 20 

CAG CGA GCA CCA CAC ACA AAA CCC CCA TTC ACT CTT AGC CAA CTC AAG 
329 

Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys 

25 

25 30 35 

AAA GCC GTC CCA CCC AAT TGT TTC CAA CGC TCT CTC CTA CGC TCG TTC 
377 

Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu Leu Arg Ser Phe 
40 45 50 

35 TCA TAT GTT GTT TAT GAC CTC TCC TTA GCC TTC CTC TTC TAC TAT ATT 

425 

Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu Phe Tyr Tyr lie 



30 



40 



45 



50 



55 60 65 



GCT ACC TCT TAC TTC CAT CTC CTC CCT CAC CCC CTT TCC TAC TTG GCA 
473 

Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ala 
70 75 80 



TGG TCA ATC TAT TGG GCT CTC CAA GGC TGC ATT CTC ACC GGC GTT TGG 
521 

Trp Ser lie Tyr Trp Ala Leu Gin Gly Cys lie Leu Thr Gly Val Trp 
85 90 95 100 



55 



8 



EP0 794 250A1 



GTC ATC GCA CAT GAG TGC GGT CAC CAT GCC TTT AGT GAC TAC CAA TGG 
569 

Val lie Ala His Glu Cys Gly His His Ala Phe Ser Asp Tyr Gin Trp 
105 110 115 

GTT GAT GAC ATG GTT GGC CTA ACC CTT CAC TCT GCT CTT TTA GTT CCA 
617 

w Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala Leu Leu Val Pro 

120 125 130 

TAC TTT TCA TGG AAG ATT AGC CAC TGT CGC CAC CAC TCT AAC ACC GGC 
665 

Tyr Phe Ser Trp Lys He Ser His Cys Arg His His Ser Asn Thr Gly 
135 140 145 



15 



20 



30 



45 



50 



55 



TCC CTT GAC CGA GAT GAG GTG TTT GTC CCC AAG CCG AAA TCC AAA ATG 
713 

Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro Lys Ser Lys Met 
150 155 160 



CCA TGG TTT TCT AAG TAC TTC AAC AAC CCA CCA GGT AGG GTC CTC ACT 
761 

Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly Arg Val Leu Thr 

165 170 175 180 



CTT TTG ATC ACA CTC ACT CTA GGC TGG CCC TTG TAC TTA GCC TTG AAT 
809 

35 Leu Leu He Thr Leu Thr Leu Gly Trp Pro Leu Tyr Leu Ala Leu Asn 

185 190 195 

GTT TCT GGC CGA CCC TAT GAT CGT TTT GCT TGC CAC TAT GAT CCC TAT 
40 857 

Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His Tyr Asp Pro Tyr 
200 205 210 



GGC CCC ATT TAT TCC AAT CGC GAA AGG TGT CAA ATA TTT GTC TCG GAT 
905 

Gly Pro lie Tyr Ser Asn Arg Glu Arg Cys Gin He Phe Val Ser Asp 
215 220 225 

GCT GGT GTC TTT GCT ACA ACT TAT GTG CTT TAC TAC GCA GCA ATG TCA 
953 
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Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr Ala Ala Met Ser 
230 235 240 

5 

AAA GGG CTG GCA TGG CTT GTA TTC ATT TAT GGT ATG CCA TTG CTC ATA 
1001 

Lys Gly Leu Ala Trp Leu Val Phe lie Tyr Gly Met Pro Leu Leu lie 
10 245 250 255 260 

GTG AAT GGC TTC CTT GTA TTA ATC ACC TAC TTG CAG CAC ACT CAC CCT 
1049 

Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin His Thr His Pro 



15 



25 



30 



35 



50 



55 



265 270 275 



GCA TTG CCG CAC TAT GAC TCA TCA GAA TGG GAT TGG CTT AGG GGG GCA 
20 1097 

Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp Leu Arg Gly Ala 

280 285 290 



TTG GCG ACG GCG GAT AGA GAT TAC GGA ATG CTG AAT AAG GTT TTC CAC 
1145 

Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn Lys Val Phe His 
295 300 305 



AAT ATC ATA GAC ACC CAT GTG GCT CAC CAT CTC TTC TCT ACC ATG CCT 
1193 

Asn He He Asp Thr His Val Ala His His Leu Phe Ser Thr Met Pro 
310 315 320 



CAT TAC CAT GCA ATG GAA GCC ACC AAA GCA ATC AAG TCA ATA TTG GGC 
1241 

40 His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys Ser He Leu Gly 

325 330 335 340 

AAA TAC TAC CAG TTT GAT GGC ACT CCA GTT TAC AAG GCA GTG TGG AGG 
45 1289 

Lys Tyr Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys Ala Val Trp Arg 

345 350 355 



GAG GCT AAA GAG TGC CTT TAT GTT GAG TCG GAC GAG GGG GCC CCT AAC 
1337 

Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu Gly Ala Pro Asn 
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360 365 370 

AAA GGT GTT TTC TGG TAT CAG AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA 
1390 

Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
375 380 

AGAAAATGTG ATTAGTAAGG TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA 
1450 

TAATAATTAG CGACTATGAA TAGTTATTGT TAAACAAAAT TCACCCTTAT GTTTAGCAGG 
15 1510 

AACTTTTCTG GCTACACTTT TTTTCGTATG AAAAGCGCAT ATTTTTTAAT TGTTATATTG 
1570 

TTTTGACATT ACTCAAGCTT CAAAATTAAT ATCACAGAAA ATATCCAATG TCGAAGGTTT 
20 1630 

CATTGTAGGT TGAAAACTTT ATATTGAGGT GG 
1662 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 383 amino acids 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

35 Met Gly Ala Arg Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin 

1 5 10 15 

Lys Thr Pro lie Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu 
20 25 30 

40 

Ser Gin Leu Lys Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu 
35 40 45 

45 

Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu 
50 55 60 

Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu 
50 65 70 75 80 

Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu Gin Gly Cys lie Leu 
85 * 90 95 

55 
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Thr Gly Val Trp Val lie Ala His Glu Cys Gly His His Ala Phe Ser 
100 105 110 



Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala 
115 120 125 



10 



Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser His Cys Arg His His 
130 135 140 



Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro 
145 150 155 160 



15 



Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly 
165 * 170 175 



20 



Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly Trp Pro Leu Tyr 
180 185 190 



Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His 
195 200 205 



25 



Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu Arg Cys Gin He 
210 215 220 



30 



Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr 
225 230 235 240 



Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe lie Tyr Gly Met 
245 250 255 



35 



Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin 
260 265 270 



40 



His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp 
275 280 285 



50 



Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn 
290 295 300 



Lys Val Phe His Asn He He Asp Thr His Val Ala His His Leu Phe 
305 310 315 320 

Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys 

325 330 335 



Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys 



55 
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340 



345 



350 



10 



15 



30 



50 



55 



Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu 
355 360 365 



Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
370 375 380 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1133 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA to mRNA 

M (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: C-terminal 

25 (Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana L. cv. San Giovanni 
(D) DEVELOPMENTAL STAGE: Seed, storage deposition stage 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: I 



(ix) FEATURE: 

(A) NAME/KEY: mRNA 

(B) LOCATION: 1. .1133 

(D) OTHER INFORMATION: /partial 
35 /gene= "Fad2" 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1. .1019 

(D) OTHER INFORMATION: /partial 
40 /codon_start= 3 

/product= "delta-12 desaturase* 
/gene* "Fad2" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

45 

TC CAA CGC TCT CTC CTA CGC TCG TTC TCA TAT GTT GTT TAT GAC CTC 
47 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu 



385 390 395 

TCC TTA GCC TTC CTC TTC TAC TAT ATT GCT ACC TCT TAC TTC CAT CTC 
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95 

Ser Leu Ala Phe Leu Phe Tyr Tyr He Ala Thr Ser Tyr Phe His Leu 
400 405 410 



w 



CTC CCT CAC CCC CTT TCC TAC TTG GCA TGG TCA ATC TAT TGG GCT CTC 
143 

Leu Pro His Pro Leu Ser Tyr Leu Ala Trp Ser He Tyr Trp Ala Leu 



415 



420 



425 



430 



15 



CAA GGC TGC ATT CTC ACC GGC GTT TGG GTC ATC GCA CAT GAG TGC GGT 
191 

Gin Gly Cys He Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly 
435 440 445 



20 



25 



30 



35 



CAC CAT GCC TTT AGT GAC TAC CAA TGG GTT GAT GAC ATG GTT GGC CTA 
239 

His His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu 



450 



455 



460 



ACC CTT CAC TCT GCT CTT TTA GTT CCA TAC TTT TCA TGG AAG ATT AGC 
287 

Thr Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser 



465 



470 



475 



CAC TGT CGC CAC CAC TCT AAC ACC GGC TCC CTT GAC CGA GAT GAG GTG 
335 

His Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val 



480 



485 



490 



40 



TTT GTC CCC AAG CCG AAA TCC AAA ATG CCA TGG TTT TCT AAG TAC TTC 
383 

Phe Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe 



495 



500 



505 



510 



45 



AAC AAC CCA CCA GGT AGG GTC CTC ACT CTT TTG ATC ACA CTC ACT CTA 
431 

Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu 



515 



520 



525 



50 



GGC TGG CCC TTG TAC TTA GCC TTG AAT GTT TCT GGC CGA CCC TAT GAT 
479 

Gly Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp 



55 
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530 



535 



540 



CGT TTT GCT TGC CAC TAT GAT CCC TAT GGC CCC ATT TAT TCC AAT CGC 
527 

Arg Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro lie Tyr Ser Asn Arg 



545 



550 



555 



w 



15 



GAA AGG TGT CAA ATA TTT GTC TCG GAT GCT GGT GTC TTT GCT ACA ACT 
575 

Glu Arg Cys Gin He Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr 



560 



565 



570 



20 



TAT GTG CTT TAC TAC GCA GCA ATG TCA AAA GGG CTG GCA TGG CTT GTA 
623 

Tyr Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val 



575 



580 



585 



590 



25 



TTC ATT TAT GGT ATG CCA TTG CTC ATA GTG AAT GGC TTC CTT GTA TTA 
671 

Phe He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu 



595 



600 



605 



30 



ATC ACC TAC TTG CAG CAC ACT CAC CCT GCA TTG CCG CAC TAT GAC TCA 
719 

He Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser 



610 



615 



620 



35 



40 



TCA GAA TGG GAT TGG CTT AGG GGG GCA TTG GCG ACG GCG GAT AGA GAT 
767 

Ser Glu Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp 



625 



630 



635 



45 



TAC GGA ATG CTG AAT AAG GTT TTC CAC AAT ATC ATA GAC ACC CAT GTG 
815 

Tyr Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val 



640 



645 



650 



50 



GCT CAC CAT CTC TTC TCT ACC ATG CCT CAT TAC CAT GCA ATG GAA GCC 
863 

Ala His His Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala 



655 



660 



665 



670 



55 
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ACC AAA GCA ATC AAG TCA ATA TTG GGC AAA TAC TAC CAG TTT GAT GGC 
911 

Thr Lys Ala lie Lys Ser lie Leu Gly Lys Tyr Tyr Gin Phe Asp Gly 

675 680 685 

ACT CCA GTT TAC AAG GCA GTG TGG AGG GAG GCT AAA GAG TGC CTT TAT 
959 

Thr Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr 
690 695 700 

15 GTT GAG TCG GAC GAG GGG GCC CCT AAC AAA GGT GTT TTC TGG TAT CAG 

1007 

Val Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin 



10 



20 



25 



30 



40 



45 



50 



55 



705 710 715 



AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA AGAAAATGTG ATTAGTAAGG 

1059 
Ser Lys Leu * 
720 

TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA TAATAATTAG CGACTATGAA 
1119 

TAGTTATTGT TAAA 
1133 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 339 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser 
1.5 10 15 



Leu Ala Phe Leu Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu Leu 
20 25 30 



Pro His Pro Leu Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu Gin 
35 40 45 

Gly Cys He Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly His 
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50 



55 



60 



10 



His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr 
65 70 * 75 " 80 

Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys lie Ser His 
85 90 95 

Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe 
100 105 ~ " 110 



15 



Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn 
115 120 125 



20 



Asn Pro Pro Gly Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly 
130 135 140 



Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg 
145 150 155 160 

Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu 
165 170 175 



30 



Arg Cys Gin He Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr 
180 185 190 

Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe 
195 200 205 



35 



He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He 
210 215 220 



40 



Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser 
225 230 235 240 

Glu Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr 
245 250 255 



45 



Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val Ala 
260 265 270 



50 



His Hi6 Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr 
275 280 285 



Lys Ala He Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr 
290 295 300 



55 
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Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val 

305 310 * 315 320 

Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser 

325 330 335 



Lys Leu * 



10 



15 Claims 

1. A fragment of DNA from haze! {Corylus avellana L) comprising the nucleotide sequence shown in Figure 2. 

2. A DNA fragment comprising the nucleotide sequence shown in Figure 2 from base 222 to base 1 367, which codes 
20 for the hazel A1 2 desaturase enzyme of the endoplasmic reticulum or for a homologous sequence which can code 

for the same amino-acid sequence. 

3. A nucleotide sequence coding for a protein or peptide having an amino-acid homology greater than or equal to 80% 
and preferably greater than 90% with the hazel A12 desaturase enzyme of the endoplasmic reticulum of Claim 2 

25 and having the function of the said enzyme. 

4. A recombinant DNA sequence comprising a DNA sequence according to Claims 1 , 2 and 3, or a portion of such a 
sequence, together with sequences regulating expression. 

30 5. A recombinant DNA molecule comprising a cloning vector in which a DNA sequence according to any one of 
Claims 1 P 2, 3 and 4 is inserted. 

6. A DNA molecule according to Claim 5, in which the cloning vector is a plasmid or a phage. 

35 7. A DNA molecule according to Claim 4 or Claim 5 having the restriction map shown in Figure 1 . 

8. A host organism including a recombinant DNA molecule according to any one of Claims 3 to 6. 

9. A host organism according to Claim 8, selected from a vegetable cell, an animal cell, and a micro-organism. 

40 

10. A genetically modified organism capable of expressing the FAD2-N gene, having the amino-acid sequence shown 
in Figure 2 from bp 222 to bp 1367, portions of this gene, or this gene conjugated with other molecules and con- 
taining sequences which can inactivate endogenous genes. 

45 1 1 . A hazel A1 2 desaturase enzyme of the endoplasmic reticulum having the amino-acid sequence shown in Figure 2 
in substantially pure form. 

12. A fusion polypeptide comprising the amino-acid sequence of the enzyme of Claim 11, in which the amino-acids 
additively connected thereto do not interfere with the desaturase activity or can easily be eliminated. 

50 

13. The use of the FAD2-N gene coding for the hazel A12 desaturase enzyme of the endoplasmic reticulum or of por- 
tions thereof for the isolation of enzymes having the function of hazel desaturase or of the desaturase of another 



55 14. The use of the nucleotide sequences of the FAD2-N gene shown in Figure 2 for the construction of expression sys- 
tems which can alter the fatty-acid content in hazel. 
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Fig. 1 - Restriction map of the genomic clone U N2". CDS 
coding region; bp: base pair. 
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Fig, 2 - Nucleotide sequence of the gene FAD2-N corresponding 
to an internal fragment of the genomic clone n N2". Aminoacid 
residues of the coding region are also reported. 

CC7CA7AAAAAAG7AAGCTCATT7ACC7CAAG7AGGGTTTCCTTATGACAAATGAG7CCC 60 
GGAGTAT TTTTTCATTCGAGTAAATGGAGTTCATCCCAAAGGAATACTGTTTAC TCAGGG 



GCAATCC7TTTCTATGAGGTGCTATAATTGC AAATGTCCAAATC ATAGGGATATGGATCC 120 
CGTTAGGAAAAGATACTCCACGATATTAACGTTTACAGGTTTAGTATCCCTATACC TAGG 



AAATACTATTAATATTATGTAGTGTGTTTTTTTTTTTCCCTCAAATTTAC TC TC AC ACC T ISO 
7TTATGA7AA77A7AA7AC A7C ACACAAAAAAAAAAAGGGAGTTTAAATGAG AG 7G 7GGA 

AAG77GA7 7 77C TCC AGC AT7GGAC A7AGCC 7C7G7AGACAA7GGGAGC 7AGAAGCCGAA 240 
77CAAC 7AAAAGAGG7CG7AACC7G7A7CGGAGAC A7C 7G77ACCC7CGA7C 77CGGC 7 7 

Met Gly Ala Arc Ser Arc 

7GCC7GC7ACC AAC AAGCC 7AAAGAGCAAAAAAC ACCC A7CCAGCGAGCACCAC AC AC AA 300 
ACGGACGA7GG7 7G77CGGA7 77C7CG7 77777G7GGG7AGG 7CGC7CG7GG7G7G7G77 

Met Pro Ale Thr Asn Lys Pre Lys Glu Or. Lys Thr Pre He Gin Arc Ale Pro His Thr 

AACCCCC A7 7CAC7C77AGCCAAC 7CAAGAAAGCCG 7CCC ACCC AA7 7G 7 7 7CC AACGC 7 250 
77GGGGG7AAG 7G AG A A7CGG 7 7G AG 77C 7 7 7CGGC AG GG7GGG 7 7AAC A A AGG 7 7GCG A 

Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys Lys Ale Vcl Pro Pro Asn Cys Phe Gin Arc 

CTC7CC7ACGC7CG77C 7C A7A7G77G777A7GACC 7C7CC 77AGCC77CC 7C77C 7 AC 7 420 
GAGAGGA7GCGAGC AAGAG7A7ACAAC AAA7AC7GGAGAGGAA7CGGAAGGAGAAGA7GA 

Ser Leu Leu Arc Ser Phe Ser 7yr Vcl Vcl 7yr Asp Leu Ser Leu Ale Pne Leu Phe 7yr 

A7A77GC7ACC 7C 77AC 77CC A7C7CC7CCC 7CACCCCC 7 77CC 7 AC T7GGC A7GG 7C AA 4 SO 
7A7AACGA7GGAGAA7GAAGG7AGAGGAGGGAG7GGGGGAAAGGATGAACCG7ACC AG 7 7 

7yr lie Alo Thr Ser 7yr Phe His Leu Leu Pro His Pro Leu Ser 7yr Leu Ala 7rp Ser 

7C7A77GGGC7C 7CCAAGGC 7GCA7 7C7C ACCGGCG7 77GGG7C A7CGCAC A7G AG 7GCG 540 
AGA7AACCCGAGAGG77CCGACG7AAGAG7GGCCGCAAACCC AG7AGCG7G7AC 7C ACGC 

lie 7yr 7rp Ale Leu Gin Gly Cys lie Leu Thr C!y Vc; \rp Vcl He Ale His Glu Cys 

G7C ACC A7GCC 777AG7GAC7ACCAA7GGG 7 7GA7GAC A7GG7 7GGCC 7AACCC 7 7C AC 7 6C0 
CAG7GG7ACGGAAA7C AC7GA7GG77ACCC AAC T AC 7G7ACC AACCGGA77GGG AAG7GA 

Gly His His Ala Phe Ser Asp 7yr Gin 7rp Vcl Asp Asp Met Vcl Gly Leu Thr Leu His 

CTGC7C 7 7 77AG 77CC AT AC 7777C A7GGAAGA77AGCC AC 7G7CGCC ACC AC 7C 7 A AC A 660 
GACGAGAAAA7C AAGG7A7GAAAAG7ACC 77C 7AA7CGG7GACAGCGG7GGTGAGA7TG7 
Ser Ala Leu Leu Vcl Pro Tyr Phe Ser 7rp Lys He Ser His. Cys Arg His His Ser Asn 
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CCGGCTCCCT7GACCGAGA7GAGG7GTTTGTCCCCAAGCCGAAATCCAAAATGCCATGG T 720 
GGCCGAGGGAACTGGCTCTACTCCACAAACAGGGGTTCGGC TT7AGG7T77ACGGTACCA 
Thr Gly Ser Leu Asp Arg Asp Glu Vol Phe Val Pro Lys Pro Lys Ser Lys Met Pro Trp 

777C7AAG7AC7TCAACAACCCACCAGG7AGGGTCC7CAC7C77TTGATCACAC 7CACTC 780 
AAAGAT7CA7GAAG77GT7GGG7GG7CCA7CCCAGGAG7GAGAAAACTAG7GTGAGTGAG 
Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly Arg Vol Leu Thr Leu Leu lie Thr Leu Thr 

TAGGCTGGCCCTTGTACTTAGCCTTGAATGTTTCTGGCCGACCCTATGATCGTTTTGCTT S<K) 
ATCCGACCGGGAAC ATGAATCGGAACTTACAAAGACCGGC TGGGATAC TAGC AAAACGAA 

Leu Gly Trp Pro Leu Tyr Leu Ala Leu Asn Vcl Ser Gly Arg Pro Tyr Asp Arc Phe Aic 

GCCAC 7ATGATCCC f ATGGCCCC ATTTATTCCAATCGCGAAAGGTGTC AAAT A7TTGTC T 9C0 
CGGTGATAC T AGGGAT ACCGGGGTAAATAAGGTTAGCGC TTTCC ACAGTTT ATAAACAGA 
Cys His Tyr Asp Pro Tyr Gly Fro (le Tyr Ser Asn Arg Glu Arg Cys Gin lie Phe Vcl 

CGGATGCTGG TGTC TTTGCTACAAC TTATGTGC T7TAC "AC GCAGC A A TG TC AAA AGGGC S50 
GCCTACG ACC AC AG AAACGATGTTGAA7ACACG AAA 7GA 7GCG 7CG 77 AC AG 7 7 TTCCCG 
Ser Asp Ale Giy Vcl Phe Ale 7nr Thr "yr Vcl Leu Tyr 7yr Ale Ale net Ser Lys G!y 

7GGCA7GGC 7 7G7 A77CA77 7A7GG7A7GCC AT 7GC 7CA7AG7GAA7GGC77CC 77G7A" 1C20 
ACCG7ACCGAACA7AAG7 AAA7ACCA7ACGS7AACG AG 7A7C AC7 7ACCGAAGGAAC A7 A 
Leu Ale Trp Leu Vcl Phe ile 7yr Giy flex Pro Leu Leu He Vcl Asr. Gly Phe Leu Vc: 

TAATCACCTAC TTGCAGC AC ACTCACCCTGCAT TGCCGCAC TATGAC TC ATC AGAATGGG 10S0 
A77AG7GGA7GAACGTCGTGTGAGTGGGACGTAACGGCGTGATACTGAGTAGTCTTACCC 
Leu He Thr Tyr Leu Gin His Thr His Pro Ale Leu Pro His Tyr Asp Ser Ser Glu Trp 

A7TGGC TTAGGGGGGCATTGGCGACGGCGGATAGAGA77ACGGAA7GC7GAA7AAGG7 7 7 I 1 
TAACCG AATCCCCCCGTAACCGCTGCCGCC TATC TC TAATGCC T T AC G AC TT AT TCC AAA 

Asp Trp Leu Arg Gly Ala Leu Ala Tnr Ale Asp Arc Asp Tyr Gly Met Leu Asn Lys Vcl 

TCC AC A A TATC AT AG AC ACCC A TGTGGC TC ACC ATC TCT7C TC TACC ATGCC TC ATTACC 1200 
AGGTGTTATAGTATC TGTGGGTACACCGAG7GG7AGAGAAGAGATGGTACGGAGTAATGG 
Phe His Asn He He Asp Thr His Vcl Ale His His Leu Phe Ser Thr Met Pre His Tyr 

ATGCAATGGAAGCC ACC AAAGC AA7CAAGTC AAT ATTGGGC AAATAC 7 ACC AG T T TGA TG 1250 
TACGTTACC TTCGGTGGTTTCGTTAG77CAG7TA7AACCCG7TTATGATGG 7CAAAC 7 AC 
His Ala Met Glu Ale Thr Lys Ala He Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp 

GC ACTCCAGTTTACAAGGC AGTGTGGAGGGAGGCTAAAGAGTGCCTTTATGTTGAGTCGG 1320 
CGTGAGGTC AAATGTTCCGTCACACCTCCC 7CCGA77TC TC ACGGAAATAC AAC TC AGCC 

Gly Thr Pro Vol Tyr Lys Ala Val Trp Arg Glu Ale Lys Glu Cys Lej Tyr Vcl Glu Ser 
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ACG AGGGGGCCCC7 AAC AAAGG7G 7777C 7GG7 A7C AGAGC AAGC TGTG ATAT TGGC TGG 13SC 
TGCTCCCCCGGGGATTGTTTCCACAAAAGACCATAG7CTCGTTCGACACTATAACCGACC 
Asp G?u Gly A!a Pro Asn Lys Gly Vcl Phe Trp Tyr Gin Ser Lys Leu 

ATAGAGCC AAAG AAAATGTGA T TAG TAAGGTAGTGTC TTTGG TC AG777GG 7GTG TTAAG 1 iiiiC 
7A7C7CGG777C7777AC AC7AATC AT7CCATC AC AGAAACC AG7CAAACC AC AC AA77C 



GAACAAA7AA7AATAATTAGCGAC7ATGAA7AG77A77G77AAACAAAA77CACCCTTA7 \~CC 
C77G77 7A77A77A77AA7CGC 7GA7AC 77A7C AA7AACAA77 7G777 7AAG7GGGAA TA 



G7 77AGC AGGAAC777 7C 7GGC 7 AC AC 7 TTT777CGT A TG A A AAGC GC A 7A"777Tii - 
CAAA7CG7CC7 TG A AA AG ACCG A 7G TGAAAAAAAGC A7AC T777CGCG 7 A7AAAAAA7 7 A 



TG 77A7 A 7 7G7 777G AC AT 7AC7C A AGC77C A AAA 7 7AA 7 A 7C AC AGAAAA7A7CCAA7G i 52C 
ACAA7A7 AAC AAAAC 7G7AA7G AG 77CGAAG 7 7 7 7AA 7 7 A 7 AG 7G TC T TTTA TAGG T 7 AC 



7CGAAGG TT7C A 7TGTAGG TTGAAAAC 7 7 7A7A7 7GAGG7GG 1652 
AGC 7 TC C A A AG T AAC A TC C AAC T T 7 7G A A A 7 A 7 AAC 7C C ACC 
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10 20 30 40 50 

I I I l i l ! I I I 

tccaacgctctctcctacgctcgttctcatatgttgtttatgccctctcc 50 
t tagcc t tec tc t tctactatattgctacctct tec ttccatc tec tccc ICO 
tccccccctttcctacttggcatcgtccatctc--gggctctccccggct 1 50 
gcattctccccggcgtttccgtcctcccccctccctcccgtccccc'rccc 200 
tttagtgcctccccctggct tgctgccctggt tcccctccccct tccc tc 250 
tgctcttTtcgttccGtacttt-ccTcgGccct-cccccctg-ccccccc GOO 
cctctccceccggctcccttccccccgctgcgctctttc-cccccccccg 350 
acctcccacctgccctggTt-tctcagtacttcccccccccccccggtcc 400 
ggTCCtccctctttTgc-ccccctcactctccgctggcccttg-ecttcc 450 
ccttgcctgtt tctggccgccccta-gctcg---":gc-':gcccctctcc- 500 
ccctGtggccccGtttcttcccctcgcgcccgctctcGGGtctt-c -re tc 550 
ggatcctcgtgtctttgctcccccttctgtcct- -cctccgcccccctg;: 500 
CGCccggcctcacctgcc'tc-ciTccttTctcctctcccct-cc teste 650 
g tgee tccc t -ccttgtcttcctcccc tec ttccccccccctccccc tec 700 
cttccccccctctccc tec tccccctccgct tccc ttcggcccecct tec 750 
cgccggcccctcgccGt tcccccctgc tgcctcccett t tcceccctctc SCO 
atGcccccccctgtggctccccctctcttc tctcccatccc tcettcccc =50 
tgccctgcacgcccccccGCcaGtcccgtccctcttgcccccctcc tccc 900 
cc 1 1 tcctccccc tcccg 1 1 tcccccgccctc tcccccgccgc tccccac 950 
tgect ttctgrtgcgtcggGcccccccccccctcccccGgc-e ttttctg :OCC 
gtctccccgcccgc tc tec tct tccc tgcctcccccccccccccctc tec IC5G 
ttcgtccggtcgtctct t teg tccc tt tec tc tct tcccgcccecc tec- i 100 
cctccttcccgcctctccctccttettcttccc 1 =33 



Fig. 3 - Nucleotide sequence of cCN£. clone " I " . 
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Pig 4 - Nucleotide sequence alignment of clones "I" (I.SEQ) and 
«N2" (N2 . SEQ) . 

I - - - I.SEQ 

1 CCTCATAAAUAGTAAGCTCUTTACCTCAASTACCGTTT H2.SEQ 

I - - . lscq 

41 CCTTATGACAAATCAGTCCCCCAATCCTTTtCtATCAGGT N2.SEQ 

l - - i.ssq 

81 GCTATAATTGCAAATGTCCAAATCATAGGGATATGGATCC N2.SEQ 

i - - r.sio 

121 AAATACTA"TAATATTA;G?AGTG?GTi"?tTTTT?"CCC N2.SEQ 

1 - ISZQ 

161 TCAAATTTACTCtCACACCTAAGTfSATtTTCTCCAGCAT N2 . SEQ 

1 I.SEQ 

201 ?GGACA"AGCC?C"G7AGACAa?GGGAGC?AGAAGCCGAA N2 . SZQ 

1 I. SZQ 

241 !GCCTGCt ACCAACAAGCCrAAAGAGCAAAAAACACCCAT 5*2. SZQ 

I - - - :.ssq 

281 ccagcgagcaccacacacaaaaccccca::cactc:tagc trz. szq 

l - 7CCAACGC7 I . SZQ 

321 caac:caagaaagccgtcccac:caa?:gt:?ccaacgc; n2.seq 

io c?ctcc;acgc:cg!:c:cata:g::g:tta:gacc:c:c z.szq 
351 c7c7cc7accc7cg77c7ca7a7g77g777a7gacc7c7c nt.seq 

3c c t t a g c c t t c c t c t t c t a c : a t a t t g c t a c c t c t t a c t t c i. seq 
401 cttagccttcc7c77ctacta7a7tgc7acc7c77ac77c h2 . seq 

90 c a t c t c c t c c c t c a c c c c c t : t c c t a c t ! c g c a ! g g t c a a i.seq 
441 catc7cc7ccctcaccccctt7cc7acttggca7gg7caa v2 .szq 

130 t c t a 7 tgggctc?ccaaggc"gcattctcaccggcgt* tg i. seq 
431 T'cta:tgggctctccaaggc:gcat:ctcaccggcg:::g n2.seq 

170 g g t c a t c g c a c a t g a g : g c g g t c a c c a t g c c t t t a g t g a c i.seq 
521 ggtcatcgcacatgagtccggtcaccatgcctttagtga.c n2 . seq 

210 taccaatgggttgatgacatggt7ggcc7aacccttcact r .seq 
561 taccaatgggttgatgacaiggttggcctaacccttcact n2.ssq 

250 ctgctcttttagttccatacttttcatggaagattagcca i.seq 
601 ctgctcklttacttccatacttttcatggaagattagcca m2.ssq 

l~,0 CTGTCCCC-, CCAC7CTAACACCGGCTCCC7TGACCGAGAT I. SEQ 
641 CTG7CGCCACCAC7C7AACACCGGCTCCC7TGACCGAGA7 N2.SEQ 

330 GAGGTGTTTGTCCCCAAGCCGAAA7CCAAAA7GCCA7GG7 I. SEQ 
631 GAGGTGTTTGTCCCCAAGCCGAAA7CCAAAA7GCCATGC7. UZ . SEQ 

370 TTTCTAAGTACTTCAACAACCCACCAGGTAGGGTCCTCAC I .SEQ 
721 TTTCTAAGTACT7CAA. CAACCCACCAGGTAGGGTCC7CAC N2.SEQ 

410 7 C7777GATCACACTCAC7CTAGGC7GGCCC77G7AC77A I.SEQ 
761 TCTTTTGATCACAC7CACTCTAGGCTCGC C.C TTG7AC7 7A H2.SEQ 

450 GCC7 7GAA7G777C7GGCCGACCC7A7GA7CG7777GC77 I.SEQ 
801 GCCTTGAATGTTTC7GGCCGACCCTATGA7CC7777GC7T N2 . SEO 



24 



EP0 794 250A1 



490 GCCAC7A7GATCCC7A7GGCCCCA777A77CCAA7CGCGA I.SEQ 

841 GCCAC7A7GA7CCC7A7GGCCCCAT77ATTCCAATCGCGA N2.SZQ 

530 AAGGTG7CAAATA777GTC7CGGA7GC7GG7G7C7T7GC7 I.SEQ 

881 AAGGTGTCAAATATTTGTCTCGGATGCTGGTGTCTTTGCT H2.SEQ 

570 A C A A CTTA7GTGC777ACTACGCAGCAATGTCAAAAGGGC I.SEQ 

921 ACAACTTATGTGCTTTACTACGCAGCAATGTCAAAAGGGC H2.SEQ 

610 7GGCATGGC77G7A77CAT77A7GG7A7GCCA77GC7CA7 I.SEQ 

961 TGGCATGGCTTGTATTCATTTATGGTATGCCATTGCTCAT N2.SXQ 

650 AGTGAA7GGC77CCT7G7ATTAA7CACC7ACT7GCAGCAC I.SEQ 

1001 AC7GAA7GGC77CC77G7A77AATCACC7AC77GCAGCAC N2.SEQ 

690 AC7CACCC7GCATTGCCGCAC7ATGAC7CA7CAGAA7GGG I.SEQ 

1041 AC7CACCC7GCA77GCCGCAC7ATGAC7CA7CAGAA7GGG N2.SEQ 

730 AT7GGC77AGGGGGGCAT7GGCGACGGCGGA7AGAGA77A I.SEQ 

1081 AT7GGCTTAGGGGGGCA77GGCGACGGCGGA7AGAGA77A HZ. SZQ 

770 CGGAATGCTGAA7AAGGTT77CCACAATATCA7AGACACC I. SZQ 

1121 CGGAATGC7GAATAAGGTT77CCACAA7A7CA7AGACACC N2.S2Q 

810 CATGTGGC7CACCA7C7C7TCTC7ACCA7CCC7CA77ACC I .SZQ 

1161 CA7G7GGCTCACCA7C7CTTC7C7ACCA7.GCC7CAT7ACC N2.SEQ 

850 ATGCAA7GGAAGCCACCAAAGCAATCAAGTCAATAT7GGG I. SEQ 

1201 ATGCAATGGAAGCCACCAAAGCAATCAAG7CAA7A77GGG N2.SEQ 

890 CAAATACTACCAG777GATGGCACTCCAG777ACAAGGCA I.SEQ 

1241 CAAATAC7ACCAC777 3 ATGGCAC7CCAG777ACAAGGCA HZ. SZQ 

930 G7G7GCAGGGAGGC7AAAGAG7GCC777A7GT7GAGTCGG I. SEQ 

1281G7G7GGAGGGAGGC7AAACAG7GCCTT7A7CTTGAGTCGG K2.SEQ 

970 ACGAGGGGGCCCC7AACAAAGG7C7777C7GG7A7CAGAG I.SEQ 

1321 ACGAGGGGGCCCC7AACAAAGG7G7777C7GG7A7CAGAG N2.SEQ 

1010 CAAGCTGTGATATTGGCTGGATACAGCCAAAGAAAATGTG Z.SZQ 

1361 CAA.GCTGTGATATTGGCTGGATAGAGCCAAAGAAAATGTG N2.SEQ 

1050 A77AG7AAGG7AG7G7C7TTGGTCAG777GGTCTG7TAAG I.SEQ 

1401 ATTAGTAAGGTAGTGTCTTTGGTCAGTT'TGGTGTGTTAAG N2.SEQ 

1090 GAACAAATAA7AA7AA77AGCGACTA7GAATAG77A77G7 t .SEQ 

1441 GAACAAA7AA7AA7AA7TAGCGAC7ATGAATAG77A77G? N2.SEQ 

1130 T A A A I.SEQ , 

1481 7AAACAAAA77CACCC77ATG777 AGCAGGAAC7777CTG HZ. SZQ 

1133 I.SEQ 

1521 GC7ACAC777T777CG7A7G.AAAAGCGCATA77T7T7AAT N2.SEQ 

1133 I.SEQ 

1561 TGT7ATATTG7TT7GACAT7AC7CAAGC77CAAAA7TAAT M2.SEQ 

1133 I.SEQ 

1601 A7CACAGAAAA7A7CCAATGTCGAA G G 7TTCATTG7AGG7 N2.SEQ 

1133 I.SEQ 

1641 TGAAAAC7T7ATATTGAGGTGG N2.SEQ 
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1 : M G A IR S| R M Pi- Ai TiN K P|K |g Q X TiPjl Qj Ri A 1 P; H T_iK P 9_ F!_T!L S QJj_K K Ai_V N2 . PRO 

i :M G A G G R It PI V PIP A N RjK S EjVjO_? : L.K R V P: F,E K P£; F S L 5 Q! _TjK K A I. L43921.PRO 

I IMGAGGRMPV P Ti s S K IR S E1 T:DiT T ?K R V pi c !s K P P F SS V G O IL K K A II L26296.PRO 



PRO 
PRO 



40 iP P:N!C FQRSjLiLRSFSYVVYD lSU Fl'lY Y ! J_A 7; S jY F H L L P; H | P N2.PRO 

4 1 j P P H C FJD^R sjvjl^R S F S Y VVY DtiT!! AX^L^:* Y V A T!H*Y F_H_L p i G ;*! L43921. 

4i ippac f! k !r si r p Ir s f s y! l i s]pji r |r a' s Ic f y y v a t! n !y f? s :l l p : q!pI L26296. 

80 S Y L A Wt sjl Y W a!l'q GCILTGVWVIAHECGHHAFSDY qTjmTF N2 . PRO 

81 l L S t F R G M aI^Y W a|v Q G C_I> T GJ^W VIAHECCHHAFSOY QJLjL 0 Di L43921.PRO 
81 L S Y L A W P L lY W AidQ G Cj V 'L T G I ?W V IAHECGHHAFSOYQWLOD L26296.PRO 



120 M;V G L._TjL HSALLVPYFSW KlJ_S H:_C;R H H S N T G S LMDiR D E V f V P X, N2. PRO 
.121 1 1 V G L IJ^H Sh_L LVPYFSWKYSaRRHESNTGSLEROEVFVPK : L43921.PRO 

121 T '-V G L IT'H S- F 'l LVPYFSWKYSHRRHHSN7GSLERPS7FVPK L262S6.PRO 

160 ^ * 3 K m P»" wlx ;S kY|F;nnppgrvltl l j_t ltlgwplylalnvsg N2 . f RO 

161 Q K S C I K W YJS_K U N N P_P_G R V L T L A V T L ? L G W P 1 Y L A_L_ N 7 S G L43921.PRC 
151 0 K S' A I K W Y' G K YLMWP' lgRI MMLTVQ F V LOWPLYLA F MVSG L26296.PRO 



200 RPYDRFACHYDPYGPIY S_M_R S R^£Q I_? V S 0 A G 7 YJ^L_Y N2 . PRC 

201 R P Y D_R_F A C S Y 0 P Y G P I Y_S_0 RERLQIYIS.OA G_V_L A V V^G L_F L43921.PRO 
201 R 9 YD G T ACE! FF>N A P I Y' M ORSRLQI Y L S DAG I LA-V C F G 1 Y L26255.=RC 



240 X_ A A M_S_K G L A W L V ^ I Y G L H V NG FLVLIT£LQHTE PAL? N2.?RC 

241 R L AJ$_AJLG_LAJT V V_C V-Y G V p L L V_ V N G_f L V L I 7 X Q H T H ?_A_L ? L43921.PRO 
241 Y^A_A_Q G.M A; S M I'CL YCVPLLIVW A FIVLITYLQHTHP S 1 ? L2629o.?RC 
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Fig. 5 - Artiinoacid sequence alignment of A12 desaturase from 
hazelnut (N2.PRO), Arabidopsis (L26296.PRO) and soybean 
(L43921.PRO) . Homologous residues are boxed. 
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Fig. 5 - Homology between hazel 6.12 d as a turns a and other 
desacurasas 



143921 
U22373 
L2S295 

122931 ; 
209503 : 
X7S311 : 

X53264: 



M2 desaturase cj* the encociasiaic rsticuloa of 
A 12 hydroxylase of ricin 

£12 desaturase of the encoclasaic reticulum of 

zjraJDzdopsls thaiiana 
415 plaszid casaturasa of AraJDidoosis tcialiara 
di2 piastid casaturasa of AraJDidohsis chaiiara 
£.12 plastic casaturasa of spinach* 
£.13 desaturase of the enccoias^ic reticulum of 

AraJDidopsis chaliana 
£9 piastid casaturasa of race 



soya 



ffota: ad: not determined since the ami no -acid satraer.ca ; s nc<- 
known . 
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Fig. 7 - Northern blot of RNA of Montebeiio leaves (line 1) , 
Nocchione leaves (line 2), Mcnueeeiio kernels (line 3}.. Vecchione 
kernels (line 4), and San Giovanni kernels (line 5). The RNA 
was hybridized with the I clone of cDNA. 
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